Alternative roles of ClpX and ClpP in Staphylococcus aureus stress tolerance and virulence.
Clp proteolytic complexes are essential for virulence and for survival under stress conditions in several pathogenic bacteria. Recently, a study using signature-tagged mutagenesis identified the ClpX ATPase as also being required for virulence in Staphylococcus aureus. Presently, we have constructed deletion mutants removing either ClpX or the proteolytic subunit, ClpP, in S. aureus 8325-4 in order to examine a putative link between stress tolerance and virulence. When exposed to stress, we found that, although clpP mutant cells were sensitive to conditions generating misfolded proteins, the absence of ClpX improved survival. In the presence of oxidative stress or at low temperature, both ClpP and ClpX were important for growth. Virulence was examined in a murine skin abscess model and was found to be severely attenuated for both mutants. S. aureus pathogenicity is largely dependent on a set of extracellular and cell wall-associated proteins. In the mutant cells, the amount of alpha-haemolysin (hla) and several other extracellular proteins was greatly decreased, and analysis of hla expression revealed that the reduction occurred at the transcriptional level. Essential for transcriptional regulation of hla is the quorum-sensing agr locus. Interestingly, the absence of ClpX or ClpP reduced both transcription of the agr effector molecule, RNA III, and the activity of the autoinducing peptide (AIP). In addition, ClpX was required independently of ClpP for transcription of spa encoding Protein A. Thus, our results indicate that ClpX and ClpP contribute to virulence by controlling the activity of major virulence factors rather than by promoting stress tolerance.